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Summary Earlier we demonstrated that short-term feeding of methapyrilene hydrochloride (MPH) and of a
choline deficient (CD) diet to rats induced peroxidative damage of microsomal membrane lipids of liver cells.
In the present study, we investigated whether a CD diet modifies the extent of MPH-induced lipid
peroxidation and whether the modifications lead to changes in the initiating and promoting action of these
agents using assays of the induction of y-glutamyltranspeptidase (GGT)-positive hepatocyte foci. Addition of
0.1% MPH to a CD diet enhanced the extent of microsomal lipid peroxidation induced by a CD diet alone.
Feeding a choline supplemented (CS) or a CD diet containing 0.1% MPH for 2 weeks followed by 7 weeks
promotion by a CD diet plus phenobarbital was ineffective in inducing GGT-positive foci. Feeding MPH in a
CS or a CD diet for 4 weeks, however, resulted in the development of substantial numbers of GGT-positive
foci. There was a 3 fold increase in the number of foci in rats initiated with a CD+MPH diet over that in
rats initiated with a CS+MPH diet. 0.1% MPH in a CS diet or a CD diet exerted significant promotional
effects on the induction of GGT-positive foci in rats initiated with a single injection of diethylnitrosamine.
Addition of MPH to a CD diet was additive in inducing GGT-positive foci. The results suggest that lipid
peroxidation of the liver may be involved in the carcinogenic and/or promoting effects of MPH and a CD
diet.
Methapyrilene hydrochloride (MPH) is a competitive H1
histamine antagonist which has been shown to induce liver
tumours in Fischer F344 rats after feeding for over a year
(Lijinsky et al., 1980). The mechanism of its carcinogenic
action remains unclear. In short term in vivo animal studies,
MPH acts as a promoter of the induction of enzyme altered
foci and hepatomas in the liver of carcinogen initiated rats,
but a single injection of MPH was ineffective in inducing
foci in the liver when followed by a liver tumour promoter
(Couri et al., 1982; Furuya et al., 1983). In several in vitro
carcinogenicity tests such as the Salmonella mutagenesis test,
the transformation assays with hamster embryo cells and the
quantitation of induction of sister chromatid exchanges,
MPH yielded negative results (Andrews et al., 1980; Pienta
et al., 1977; lype et al., 1982). Although earlier reports
indicated that MPH was ineffective in inducing DNA repair
synthesis in cultured rat hepatocytes (Probst & Neil, 1980;
McQueen & Williams, 1981), positive results were reported
more recently (Althaus et al., 1982). There is no evidence
to indicate that MPH or its metabolites covalently interact
with cellular DNA (Lijinsky & Muschik, 1982).
We demonstrated that MPH is a potent inducer of
membrane lipid peroxidation in rat hepatocytes (Perera et
al., 1985a). In a number of studies, free radical injury either
leading to or deriving from peroxidative damage of lipids
has been implicated as the underlying mechanism of
carcinogenic and/or promotional actions of many agents
(Pryor, 1973; Reddy & Warren, 1981; Troll et al., 1982;
Cerutti, 1985). A choline deficient (CD) diet, an efficient
liver tumour promoter, induces membrane lipid peroxidation
of the liver cells (Perera et al., 1985b). By modifying the
dietary fat components, it was shown that the extent of CD
diet-induced lipid peroxidation was positively correlated to
its promoting activity in the short term assays (Perera et al.,
1985b). In the present study, we investigated whether a CD
diet modifies the extent of lipid peroxidation and promoting
action induced by MPH. A possible initiating action of
short-term feeding of MPH mixed in a CD diet is also
tested.
Materials and methods
Animals and diets
Male Sprague-Dawley rats (Zivic-Miller Laboratories,
Allison Park, PA) weighing 170-180 g at the beginning of
experiments, were used. They were housed individually in
metal wire cages in a room which maintained 12h light and
dark cycles, a temperature 20+2°C and 50+10% relative
humidity and were given Purina Chow (Ralston Purina, St.
Louis, MO) and tap water ad libitum. The animals were
acclimatized to the facility 10 days before the start of the
experiments.
Semisynthetic semipurified CD or choline supplemented
(CS) diets were prepared according to the basal B diet of
Young et al. (1956), and their composition has been
described previously (Perera et al., 1985b). Methapyrilene
hydrochloride (MPH) and phenobarbital (PHB) (both from
Sigma Chemical Co., St. Louis, MO) were incorporated into
separate lots of the CD diet at the expense of sucrose at
concentrations of 0.1% and 0.06%, respectively. Diets were
stored at 4°C and the animals were provided with a fresh
supply every 3 days. Body weights of animals were recorded
at the beginning and at the termination of experiments.
Animals were killed by decapitation. Livers were rapidly
resected, thoroughly rinsed in the homogenizing buffer and
subjected to the appropriate protocol.
Determination ofdiene conjugation
Diene conjugation was determined in the liver microsomal
membrane lipids of rats fed a CD or a CS diet for 1 and 2
weeks. The effects of MPH on choline deficiency were tested
by feeding rats with a CD diet containing MPH for 1 and 2
weeks. The assays were based on the methods described by
Recknagel and Glende (1984). Four rats from each dietary
group were used. Liver (4g) was homogenized in 20ml ice-
cold 0.3 M sucrose containing 0.003 M EDTA. Nuclei and
mitochondria were sedimented by centrifuging at 10,000 rpm
for 20min in a Sorval RC SB Super Speed centrifuge with
an SS34 rotor, and the supernatant was centrifuged at
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37,500rpm for 1 h in a Beckman L8-M Ultracentrifuge with
a type 40 rotor to obtain microsomes. The microsomal
pellets were resuspended in the sucrose-EDTA solution
and total lipids were extracted with 20ml hot
CHC13:CH3OH(2: 1) according to the method of Folch et
al., (1957). Lipids in the organic layer were dried under
oxygen-free nitrogen (ultrapure carrier grade, 99.999% N2)
and resuspended in 5ml CH3OH. The total lipid content was
measured by the method of Chiang et al. (1957). The final
lipid concentration of the samples was adjusted to
lmgml-', and the samples were scanned from 300 through
220nm in a Cary 15 spectrophotometer for the deter-
mination of dienes. Mean difference spectra were obtained
by subtracting the mean values of the control spectra from
those of the experimental spectra.
Experimental design
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Assays for initiating and promoting actions of MPH
The design of the experiments is depicted in Figure 1. To
test the initiating action of MPH, groups of rats were fed
CD or CS diet containing 0.1% MPH for 2 or 4 weeks.
After one week on Purina Chow, each group received a CD
diet containing 0.06% PHB for 7 weeks (Groups I & II). The
combination of a CD diet and phenobarbital has been
shown to act synergistically for the induction of enzyme
altered foci in the liver of carcinogen initiated rats
(Shinozuka & Lombardi, 1980). For the last 4 days of the
experiments, PHB was withdrawn from the diet in order to
eliminate background activities of y-glutamyltranspeptidase
(GGT) in hepatocytes. Additionally, 4 rats in each group
were killed after feeding CD or CS diets containing 0.1%
MPH for 2, 4 and 8 weeks (Group III, IV, V).
To test the modifying effects of a CD diet on the
promoting action of MPH, rats were subjected to 2/3/partial
hepatectomy between 3 and 4p.m., and 18h later all animals
were given a single i.p. injection of diethylnitrosamine
(DEN) (Aldrich Chemical Co., Milwaukee, WI) at a dose of
40mgkg-1 body weight. One week thereafter, they were
divided into two subgroups and one subgroup were fed CD
or CS diet containing 0.1% MPH and the other a CS or CD
diet for 7 weeks (Groups VI and VII). MPH was withdrawn
from the diets for the last 4 days of the experiments.
At the time of killing, blocks of liver tissue were fixed in
Stieve's solution, and sections were stained with hematoxylin
and eosin for light microscopic examination. For histo-
chemical localization of GGT, blocks of liver tissue from
right, left, and caudate lobes were fixed in ice-cold 95%
ethanol, 1% acetic acid, and were embedded in soft paraffin
(m.p. 47°C). Sections were stained according to the method
of Rutenberg et al. (1969). The number and size of foci of
GGT-positive hepatocytes with a diameter >125pm were
recorded and their number cm-2 of section and size
distribution were determined (Sells et al., 1979). Differences
between the means were evaluated statistically by Students t
Test and were regarded as significant if P<0.05.
PH DEN
v (VI)
+MP
op(VII)
Figure 1 MPH: Methapyrilene hydrochloride, CS: Choline
supplemented, PH: Partial hepatectomy, DEN: Diethyl-
nitrosamine, PHB, Phenobarbital, CD: Choline deficient, PC:
Purina chow, 4 sacrifice (Group Numbers).
Results
Figure 2 depicts UV absorption patterns of liver microsomal
membrane lipids of rats fed CS or CD diets and a CD diet
containing 0.1 MPH for 1 and 2 weeks. In confirming our
earlier study (Perera et al., 1985b), feeding a CD diet for 1
and 2 weeks showed the generation of diene conjugate. The
difference spectrum of samples from rats fed a CD and CS
diet is higher at 2 weeks than at 1 week. Addition of MPH
to a CD diet accentuated the absorption peak at 233nm
over the CD peaks both at 1 and 2 weeks. In the rats fed a
CD+ MPH diet for 2 weeks, there is a broader peak of the
absorption in the regions of 260-290nm (Figure 2b). The
exact nature of these products has not been characterized,
but they are generally attributed to ketone diene and/or
conjugated trienes (Recknagel & Glende, 1984). Such a
combination also gave a higher absorption peak at 233 nm
than the peak obtained by MPH in a basal diet (Perera et
al., 1985a).
In a series of experiments, the initiating action of MPH
was tested by feeding MPH-diets for 2 or 4 weeks (Table I).
Rats fed a CS or a CD diet containing 0.1% MPH for 2
weeks and followed by 7 weeks feeding of a CD diet
Table I Initiating action ofmethapyrilene hydrochloride on the induction ofGGT-positive foci
Group Initiation Promotion No. rats Body wt. (g) Liver wt. (g) No.fociCm-2 Mean diameter (pm)
I CS+MPH 2 wks CD+PHB 6 488+28a 27.6+2.3 1.5+0.6 190.5+11.9d
CD+MPH 2 wks CD+PBH 6 476+38 27.3+1.7 1.8+0.3 244.7+17.5
II CS+MPH 4 wks CD+PHB 4 555+27 28.8+2.2 3.1 + 1.8C 208.0+220b
CD+MPH 4 wks CD+PHB 6 600+14 28.6+1.6 10.9+3.2 270.4+17.6
III CS+MPH 2 wks No 4 204+7 10.6+l.Ob 0 -
CD+MPH 2 wks No 4 202+8 14.6+1.0 0 -
IV CS+MPH 4 wks No 4 244+15 11.4+1.Ob 0 _
CD+MPH 4 wks No 4 247+11 16.2+0.5 0 -
CS+MPH 8 wks No 4 329+21 12.2+1.2b 0 -
V CD+MPH 8 wks No 4 341+5 18.1+1.8 0 -
aEach value represents the mean+s.e.; bp<0.05 against corresponding CD+MPH subgroup; CP<0.01 against
corresponding CD+MPH subgroup; dp<0.02 against corresponding CD+MPH subgroup.
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Figure 2 Microsomal membrane lipids from rats fed a choline supplemented (CS, 0) diet, a choline deficient (CD, *) diet or a
choline deficient diet containing 0.1% methapyrilene hydrochloride (CDM, A) for 1 week (A) or 2 weeks (B) were examined
spectrophotometrically for the presence of conjugated dienes by scanning from 300-220 nm (see Materials and methods for details).
Difference spectra were obtained by subtracting the mean absorbance of the samples from the CS diet-fed animals from the mean
absorbance of the samples from the CD (CD-CS) and CDM (CDM-CS) diet-fed animals. Peaks of absorption at - 233 nm in the
CD-CS and the CDM-CS traces indicate the presence of conjugated dienes. The difference spectra of samples from animals fed
the CD or CDM diets for 2 weeks showed more intense absorption than did the samples from animals fed the same diets for I
week.
containing PHB (Group I) developed only a small number of
GGT-positive foci, which was close to the background levels
for this type of assays (Sells et al., 1979; Shinozuka &
Lombardi, 1980), and there were no differences between the
groups given a CS +MPH diet and a CD+MPH diet. The
rats fed a CS+MPH diet for 4 weeks developed an average
of 3.1 foci cm-2 after 7 weeks promotion by a CD+PHB
diet (Group II). A three-fold increase in the number of foci
was noted in rats initiated with 4 weeks feeding of a
CD +MPH diet accompanied by a significant increase in
their average diameter of the foci. Feeding a CD or CS diet
containing MPH for 2, 4 and 8 weeks without subsequent
promotion resulted in no induction of GGT-positive foci
(Groups III, IV, and V). The most striking histological
alteration seen in these rats was diffuse activation of GGT in
periportal hepatocytes. The livers of rats fed a CD+MPH
diet were heavier than those of rats fed a CS+MPH diet due
to accumulation of fat. After 4 and 8 weeks on the
CD+MPH diet without subsequent promotion, there was a
slight decrease in fat accumulation in periportal hepatocytes
and mild periportal ductal and oval cell proliferation.
Next, we examined the promoting effect of MPH mixed in
a CS or CD diet (Group VI) and compared their efficacy
with a CD diet without MPH (Group VII, Table II). Both
MPH in a CS diet and a CD diet alone exerted significant
promoting effects on the induction of GGT-positive foci in
the rats initiated with a single injection of DEN. The number
of foci induced by MPH-promotion was 11.9cm-2, while
that induced by CD-promotion was 5.6cm-2. The
promotion by the addition of MPH to a CD diet increased
the number of foci to 22.4cm 2. Thus, the effects of the
combination appeared to be additive rather than synergistic.
Discussion
Even though there is little doubt that MPH induces liver
tumours when administered chronically to rats (Lijinsky et
al., 1980), the mechanism of its carcinogenic action remains
elusive. Many short-term in vitro assays for its genotoxicity
gave negative results (Andrews et al., 1980; Pienta et al.,
1977; lype et al., 1982; Probst & Neil, 1980; McQueen &
Williams, 1981) except for the report by Althaus et al. (1982)
who demonstrated that treatment of primary cultures of rat
hepatocytes with MPH stimulated DNA repair synthesis and
caused the formation of alkali-labile lesions in hepatocellular
DNA. Evidence for the covalent binding of MPH or its
metabolites to cellular DNA is lacking (Lijinsky & Muschik,
1982). Both short and long term animal studies suggest that
MPH exerts a relatively weak initiating action but is an
efficient promoter (Couri et al., 1982; Furuya et al., 1983).
In an earlier study (Perera et al., 1985a), we demonstrated
that the induction of membrane lipid peroxidation in liver
cells is an early manifestation of MPH-hepatotoxicity and
Table II Promoting action of methapyrilene hydrochloride on the induction of GGT-positive foci
Group Initiation Promotion No. rats Body wt. (g) Liver wt. (g) No.fociCm-2 Mean diameter (,im)
VI DEN CS+MPH 8 423+9a 18.3+0.7 11.9+1.9c 239.7+56e
DEN CD+MPH 7 391+24 20.9+1.0 22.4+2.1 331.0+18.1
VII DEN CS 6 481+14 19.6+2.Ob 1.1+0.2d 167.5+7.5_
DEN CD 5 492+25 25.8+1.9 5.6+1.0 213.0+19.1
aEach value represents the mean+s.e.; bp<0.05 against CD subgroup; CP<0.01 against CD+MPH subgroup;
dP<0.001 against CD subgroup; eP<0.001 against CD+MPH subgroup; fP<0.0I against CD subgroup.
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suggested that free radical injury resulting from lipid
peroxidation may be causally related to its carcinogenicity.
The results of the present experiments lend further support
to this suggestion. MPH-induced microsomal membrane
lipid peroxidation was augmented by its addition to a CD
diet. This augmentation resulted in a stronger initiating and
promoting action as compared to that induced by MPH
mixed in a CS diet in the short-term assays. The initiating
activity of MPH, as determined by the induction of GGT-
positive foci, was not evident after 2 weeks feeding but
became apparent after 4 weeks feeding. The results indicate
that MPH may be a relatively weak initiator as suggested by
others (Couri et al., 1982; Furuya et al., 1983). CD diet-
induced lipid peroxidation in liver cells has been implicated
as one of the underlying mechanisms of liver tumour
promotion (Perera et al., 1985b; Rushmore et al., 1984). It
has been shown that chronic feeding of a CD diet alone over
one year leads to the development of hepatocellular
carcinomas (Ghoshal & Farber, 1984; Yokoyama et al.,
1985), and cellular damage due to lipid peroxidation may
conceivably be responsible for its carcinogenic action
(Rushmore et al., 1986). The mechanism of liver tumour
induction by a number of hypolipidemic peroxisome
proliferators, which are generally non-genotoxic, has been
attributed to free radical damage of hepatocyte membranes
or DNA by an over-production of H202 (Reddy & Warren,
1981; Reddy et al., 1980). The enhancing effects of a CD diet
on initiating activity of several carcinogens, such as
dimethylhydrazine, benz(a)pyrene and ethionine, have been
demonstrated in short-term assays (Ghoshal & Farber,
1983). It is not clear whether the mechanism by which a CD
diet enhances the initiating action of these classical chemical
carcinogens is the same as CD diet-enhancement of MPH
initiating action.
As has been shown by others, MPH exerted a strong
promoting activity when given in a CS diet. The promoting
activity of MPH was greater than that seen with a CD diet,
and the combination of a CD diet and MPH acted addi-
tively in promoting the induction of GGT-positive foci. This
is in contrast to our earlier observation that the combination
of a CD diet and phenobarbital, a well known liver tumour
promoter, resulted in a synergistic effect (Shinozuka &
Lombardi, 1980). Based on the findings that while a CD diet
induces membrane lipid peroxidation, phenobarbital shows
no such effect, we postulated that the mechanisms of tumour
promotion by a CD diet and phenobarbital are probably
different (Shinozuka et al., 1985). The present finding that
both a CD diet and MPH induce membrane lipid
peroxidation and the combination of the two agents
accentuates it and results in additive promotion effects
suggests a common mechanism of tumour promotion by
these two agents. The consequences of lipid peroxidation for
cell function are multiple (Tribble et al., 1987). It remains to
be clarified what cellular functions are perturbed following
peroxidative damage of membrane lipids by these two agents
that may be critical for their tumourigenic effect.
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